Abstract In order to reduce the encoding complexity of macroblock coding mode decision in H.264/AVC, a selective smaller block-size searching algorithm and a selective intra coding mode searching algorithm are proposed by using the high correlation among coding modes and in spatial and temporal domains of video sequence. Simulation results demonstrate that the proposed algorithm can provide significant improvement in computational requirement, with negligible small picture quality degradation and slight bit rate increase. (60372018) H.264/AVC, the new international video coding standard jointly developed and approved by the MPEG group ISO/IEC and the VCEG group of ITU-T, can provides an improved coding efficiency and a significant improvement in flexibility for effective use over a wide range of networks [1] . While H.264/AVC still uses the concept of block-based motion compensation, it provides some significant changes, such as enhanced motion compensation capability using variable block sizes [2] . In former standards as MPEG-4 or H.263, only blocks of the size 16×16 and 8×8 are supported. Compared to the fixed block size prediction, the variable block-size prediction can reduce the prediction error so that higher compression efficiency will be achieved. However, the encoding complexity and time increase linearly with the number of block-sizes used.
H.264/AVC, the new international video coding standard jointly developed and approved by the MPEG group ISO/IEC and the VCEG group of ITU-T, can provides an improved coding efficiency and a significant improvement in flexibility for effective use over a wide range of networks [1] . While H.264/AVC still uses the concept of block-based motion compensation, it provides some significant changes, such as enhanced motion compensation capability using variable block sizes [2] . In former standards as MPEG-4 or H.263, only blocks of the size 16×16 and 8×8 are supported. Compared to the fixed block size prediction, the variable block-size prediction can reduce the prediction error so that higher compression efficiency will be achieved. However, the encoding complexity and time increase linearly with the number of block-sizes used.
In the H.264 coding algorithm, block matching motion estimation is an essential and effective part of the encoder to reduce the temporal redundancy among frames. In motion compensation of H.264, the macroblock has various block sizes of 16×16, 16×8, 8×16 and 8×8, and the corresponding modes are Mode(1), Mode(2), Mode(3) and Mode(P8×8) separately [3] . In Mode(P8×8), each 8×8 block can be further divided into partitions with block sizes of 8×4, 4×8 and 4×4. Each 8×8 block can independently has any combinations of 8×8, 8×4, 4×8 and 4×4. What's more, the inter frame coding modes also support Mode(0), Mode(I16MB) and Mode(I4MB). Thereinto, Mode(0), namely SKIP, is a direct copy from the previous frame [4] ; Mode(I16MB) and Mode(I4MB) are the intra modes predicted from encoded adjacent pixels. All the available segmentations of a macroblock sup-ported by H.264 motion compensation are shown in Fig.1 .
In order to choose the best block size for a macroblock, the H.264 standard makes use of the computationally intensive Lagrange rate-distortion (RD) optimization [5] . The general equation of Lagrange RD optimization is given as In this paper, a fast inter frame coding mode selection algorithm by using the statistical results of adopted probability for all modes and high correlation between spatial and temporal domains is presented. Instead of searching through all the possible block sizes, the proposed algorithm tries to skip the block sizes that tend to give no performance gain. This is very useful for real-time applications.
The rest of the paper is organized as follows. In Section 1, the inter frame coding modes are analyzed. The fast inter frame coding mode selection algorithm is proposed in Section 2. The simulation results are presented in Section 3. The conclusions are shown in Section 4. [6] . The optimal mode which produces the least RD cost is selected. The H.264 standard employs a brute force algorithm to search through all possible block sizes to find a motion vector for each macroblock. Therefore, the encoding complexity and time increase linearly with the number of modes used. The high coding efficiency achieved by H.264 is at the cost of a very computationally-intensive procedure of finding the "best" coding mode.
The size of block affects the performance of the motion estimation directly. The effective approach is to adapt the block size to the picture characteristics. In general, a large partition size is appropriate for flat and homogenous regions of the frame and a small partition size may be beneficial for high details and complex motion regions [7] .
Since the flat and homogenous areas tend to have similar motion, it should not be split into smaller blocks. Choosing a large partition size means that a small number of bits are required to signal the choice of motion vectors and the type of partition but the motion compensated residual may contain a significant amount of energy in frame areas with high detail.
On the contrary, since high-details or high motion areas tend to have complex video content or high motion information and small block sizes afford good approximation to the natural object boundaries, the motion estimation may be more accurate if the areas are encoded by smaller block sizes. It can be proved that smaller motion compensation block sizes can produce better motion compensation results; however, a smaller block size leads to increased complexity due to more search operations required and an increase in the number of motion vectors that need to be transmitted. Sending each motion vector requires bits to be sent and the extra overhead for vectors may outweigh the benefit of reduced residual energy [8] .
Choosing a small partition size may give a lower-energy residual after motion compensation but requires a larger number of bits to signal the motion vectors and choice of partition. The choice of partition therefore has a significant impact on compression performance. Fig.2 shows a typical frame of QCIF sequence "News" [9] . The block sizes depicted in 
Proposed Fast Mode Selection Algorithm
In order to further understand the application proportions of different coding modes in actual sequences, several typical video sequences are selected and tested. The adopted percent of each mode for inter frame coding is shown in Table 1 .
Through the analysis of H.264 performances on different video sequences, it can be known that the mode adopted as the optimal inter frame coding mode most often is Mode(0) and the proportion of Mode(0) in all possible inter modes even can be up to 87%. What's more, it can be seen that the larger block sizes are selected as the best mode more often than smaller block sizes. On average, the application frequency of Mode (1) is higher than that of Mode (2) or Mode(3), and similarly Mode(2) or Mode(3) are chosen more often than Mode(P8×8). Furthermore, the two intra modes have got little adopted probability and the probabilities of both Mode(I4MB) and Mode(I16MB) are less than 3%.
The simulation results demonstrate that the larger block sizes (16×16, 16×8 and 8×16) are selected as the final coding mode more often than the smaller block size (8×8, 8×4, 4×8 and 4×4) because most regions in video sequences belong to stationary or homogenous regions. From the results above, it can also be seen that the probability of a macroblock to have an intra mode in P slice is less than 0.03. What's more, the RD cost computation for intra macroblocks is about 5 times higher than that for inter modes [10, 11] . Although the exact figure depends on specific input video characteristics, the small probability of intra mode (Mode(I4MB) and Mode(I16MB)) in real video sequences suggests that the motion search and RD cost computations for the two intra modes can be omitted whenever it is possible. Unless these above modes can meet the defined requirements, the two intra coding modes, Mode(I4MB) and Mode(I16MB), are checked finally to find the best mode producing minimum RD cost.
In other words, the smaller block sizes (8×8, 8×4, 4×8 and 4×4) and two intra modes have the minimum probability to be selected as the final coding mode of inter macroblocks. If the coding modes that make small contributions can be skipped, then larger numbers of unnecessary operations can be avoided. Therefore, the coding speed will be improved much.
In order to reduce the encoding complexity of macroblock coding mode decision in H.264/AVC, a fast inter coding mode selection algorithm is proposed. The fast inter coding mode selection algorithm includes a selective smaller block-size searching algorithm and a selective intra coding mode searching algorithm.
Proposed selective smaller block-size searching algorithm
The selective smaller block-size searching algorithm makes full use of the correlations among the inter frame coding modes. The least RD cost is selected among the block-sizes 16×16, 16×8, 8×16 and 8×8. On one hand, if the RD cost of 8×8 is not the least, then the RD cost of smaller block-size (8×4, 4×8 or 4×4) being the least is impossible, and the searching process for the smaller block-size (8×4, 4×8 or 4×4) is unnecessary. On the other hand, if the RD cost of 8×8 is the least, further searching for the smaller block-size (8×4, 4×8 or 4×4) is needed.
Proposed selective intra coding modes searching algorithm
As it is well known, the inter coding modes mainly use the temporal correlation between the current coding frame and reference frame, and the intra coding modes mainly use the spatial correlation between the current coding macorblock and adjacent pixel. To certain macroblock in P slice, if the temporal correlation is less than the spatial correlation, thus, the probability of intra coding mode to be selected as the final coding mode for the macroblock is lower. In this case, the searching process for these intra coding modes should be skipped to decrease the coding complexity without obvious influence on coding performance.
The paper utilizes the prediction data obtained from the optimal coding mode among the inter coding modes {0,1,2,3,P8×8} to calculate the temporal correlation of the current coding macroblock. Define TC to indicate the temporal correlation as following 
where ( , it suggests that the spatial correlation is larger than the temporal correlation for the current macroblock, and the two intra coding modes (I4MB and I16MB) should be searched further. If not, the searching processes and RD cost computations for two intra coding modes are unneeded, so that the unnecessary resource consuming is saved and the coding speed can be improved.
Simulation Results
The proposed scheme was implemented in the H.264 reference software JM 8.6. The proposed algorithm was compared with the original scheme in the H.264 reference software. The experimental parameters are set as Table 2 . From the experimental results in Table 3 , it can be observed that, compared with the original mode selection scheme, the proposed inter mode selection algorithm reduces the encoding time by 58.94% on average with negligibly small PSNR degradation (0.014 dB) and slight increase in bit rate (0.47%). This means that the encoding time with the proposed algorithm used is about 2.5 times faster than that with the reference software JM7.0. However, the losses in terms of PSNR and bit rate are very small.
Conclusions
A novel fast inter mode selection algorithm that makes use of the inherent properties of different modes and the spatial correlations and temporal correlations among adjacent frames in video sequences is proposed. Extensive simulations show that average 58.94% computation reduction, average 0.47% bit rate increase and average 0.014 dB PSNR drop can be achieved. Simulation results demon-strate that the proposed method provides significant improvement in computational requirement, with negligible small picture quality degradation and slight bit rate increase. The computation complexity savings helps in real-time implementation of H.264 video encoder.
